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Abstract
Background: Patients with type 1 and type 2 diabetes often find it difficult to control their blood glucose level on a daily basis
because of distance or physical incapacity. With the increase in Internet-enabled smartphone use, this problem can be resolved
by adopting a mobile diabetes monitoring system. Most existing studies have focused on patients’ usability perceptions, whereas
little attention has been paid to physicians’ intentions to adopt this technology.
Objective: The aim of the study was to evaluate the perceptions and user acceptance of mobile diabetes monitoring among
Japanese physicians.
Methods: A questionnaire survey of physicians was conducted in Japan. The structured questionnaire was prepared in a context
of a mobile diabetes monitoring system that controls blood glucose, weight, physical activity, diet, insulin and medication, and
blood pressure. Following a thorough description of mobile diabetes monitoring with a graphical image, questions were asked
relating to system quality, information quality, service quality, health improvement, ubiquitous control, privacy and security
concerns, perceived value, subjective norms, and intention to use mobile diabetes monitoring. The data were analyzed by partial
least squares (PLS) path modeling.
Results: In total, 471 physicians participated from 47 prefectures across Japan, of whom 134 were specialized in internal and
gastrointestinal medicine. Nine hypotheses were tested with both the total sample and the specialist subsample; results were
similar for both samples in terms of statistical significance and the strength of path coefficients. We found that system quality,
information quality, and service quality significantly affect overall quality. Overall quality determines the extent to which
physicians perceive the value of mobile health monitoring. However, in contrast to our initial predictions, overall quality does
not have a significant direct effect on the intention to use mobile diabetes monitoring. With regard to net benefits, both ubiquitous
control and health improvement are significant predictors. Net benefits in turn significantly motivate physicians to use mobile
health monitoring, and has a strong influence on perceived value. Perceived value and subjective norms are predictors of intention
to use. In our sample, concerns over privacy and security risk have no significant effects on intention to use mobile diabetes
monitoring. Among the 3 control variables, only age significantly affected intention to use mobile diabetes monitoring, whereas
experience and gender were not significant predictors of intention.
Conclusions: Physicians consider perceived value and net benefits as the most important motivators to use mobile diabetes
monitoring. Overall quality assessment does affect their intention to use this technology, but only indirectly through perceived
value. Net benefits seem to be a strong driver in both a direct and indirect manner, implying that physicians may perceive health
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improvement with ubiquitous control as a true utility by enhancing cost-effective monitoring, and simultaneously recognize it as
a way to create value for their clinical practices.
(J Med Internet Res 2012;14(6):e183)   doi:10.2196/jmir.2159
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Introduction
Context and Prior Work
The increased need for real-time data management and the
advances in mobile communication technology are developing
markets for a new form of remote diabetes data management
systems [1-3]. Mobile diabetes monitoring (MDM) can provide
a more personalized and flexible means of control through which
physicians can get immediate medical data and achieve
continuous control over patients’ health, while patients can
satisfy their desire to receive timely clinical feedback and lower
the cost of long-term medical care [4,5]. A recent review of 101
commercial mobile apps found that insulin and medication
recording (62%), data export and communication (60%), diet
recording (47%), and weight management (43%) are the most
prevalent features [1]. The adoption of mobile diabetes
monitoring has been examined in several situations. A clinical
pilot trial in Austria indicated that a diabetes management
system was well accepted by patients and practical for daily
usage. A similar application was tested in a randomized and
crossover clinical experiment with 10 type 1 diabetic patients
aged 21 to 62 years in Spain [6]. The patients showed high
acceptability and interest in the system as recorded in usability
and utility questionnaires. Martínez-Sarriegui et al [3] tested
personal digital assistant (PDA) monitoring with a continuous
glucose sensor on 5 diabetic patients in Spain. They found that
all patients were satisfied and would recommend the system.
In South Korea, a mobile blood glucometer system was tested
with 20 elderly patients older than 65 years. Despite complaints
related to short battery life and difficulties in operating mobile
phones, the patients’ satisfaction was 8.59 of 10 points.
Significance of the Study
Our literature review indicates that most published studies focus
on the use or clinical evaluation of mobile diabetes monitoring
from the patients’ perspectives. Empirical research on mobile
diabetes monitoring adoption from the physicians’ perspective
is almost nonexistent, thus the present study makes a significant
contribution to our existing knowledge. Although understanding
end users’ (ie, patients) adoption mechanisms is important, the
adoption of mobile diabetes monitoring needs to be understood
from the operators’ (ie, physicians) perspectives for two reasons.
First, unlike typical commercial transactions, patients are not
really the customers who choose mobile diabetes monitoring.
It is the physicians, along with other health professionals, who
make the ultimate clinical decision to introduce information
technology (IT) designed to support highly specialized tasks
and services [7]. Second, prior research indicates that a close
collaboration between physicians and the medical device
industry is essential for device innovation [8]. In this view,
physicians provide essential knowledge of technology and
medical practice that becomes incorporated into new devices.
Physicians’ involvement in clinical trials and testing is
increasingly important, thus the industry needs profound
knowledge about the mechanisms of their adoption behavior.
Theoretical Background and Model
Our theoretical model is based on the updated DeLone and
McLean Information System (IS) Success Model, which covers
different perspectives of evaluating information systems (Figure
1). DeLone and McLean [9] reviewed the existing definitions
of IS success and their corresponding measures, and proposed
a basic model. Later, this model was revised by incorporating
7 major variables connected in structural relationships [10].
System quality is defined as the desirable characteristics of an
IS, whereas information quality means characteristics of the
output offered by the IS. Service quality refers to the quality of
the support that system users receive from the IS department
and IT support personnel. Net benefits explain the effect an IS
has on an individual, group, organization, industry, or society,
and influence both the usage extent of the IS and the level of
resulted satisfaction [11,12].
Our research closely follows this model for two reasons. First,
prior research suggests that the original DeLone and McLean
IS Success Model has been one of the most widely cited IS
models [11,12]. Second, the updated DeLone and McLean IS
Success Model is among the few options that have incorporated
quality and net benefits dimensions that we consider to be
crucial determinants of mobile diabetes monitoring adoption.
The updated DeLone and McLean IS Success Model can be
considered as a conceptual scheme of IS success in a given
organization. However, measurements of each variable were
only loosely suggested. In an attempt to explicate physicians’
adoption of mobile diabetes monitoring, we extend the updated
DeLone and McLean IS Success Model by introducing some
new variables. We posit 9 different major hypotheses (H1-H9);
our research model is shown in Figure 2.
Overall quality is conceptualized as a second-order hierarchical
model in which each first-order factor is a cause of the construct
[13]. That is, overall quality is defined as the ultimate result
when the IS achieves information, system, and service quality.
The reason for this high-order construct is because although the
updated DeLone and McLean IS Success Model explains that
an information system can be evaluated in terms of information,
system, and service quality, no overall quality construct was
suggested in the model. The extant research on service quality
perception has always embraced such a hierarchical view [14].
We posit that physicians are likely to perform mental calculus
by summing up individual quality assessment for information,
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system, and service. Thus, we hypothesize that system quality
will directly and positively affect overall quality of mobile
diabetes monitoring (H1a), information quality will directly and
positively affect overall quality of mobile diabetes monitoring
(H1b), and service quality will directly and positively affect
overall quality of mobile diabetes monitoring (H1c).
In the updated DeLone and McLean IS Success Model, each
quality dimension affects the subsequent intention to use the
IS. By the same token, our model contemplates that overall
quality determines the intention to use mobile diabetes
monitoring. Actual use is excluded from our model, because
the current diffusion level of mobile diabetes monitoring is still
in its infancy. For example, industry reports indicate that
although the number of home health monitoring devices with
embedded cellular connectivity may reach 2.47 million by 2016;
only 570,000 were in use worldwide as of 2011 [15].
Nonetheless, we argue that physicians could judge their intention
to use mobile diabetes monitoring without real usage experience,
because “intention” is an attitude, whereas “use” is a behavior
[10]. Therefore, our secondary hypothesis is that overall quality
will directly and positively affect intention to use mobile
diabetes monitoring (H2).
DeLone and McLean [10] argue that satisfaction is an important
success measure of system adoption because it captures the
balance of positive and negative impacts of its use. In our model,
satisfaction is replaced by perceived value because of the same
reason mentioned previously―low penetration of mobile
diabetes monitoring. Here, we view value as the performance
improvement in functionality, efficiency, productivity, and
practicality because of mobile diabetes monitoring adoption as
weighed against the associated costs. Because only a limited
number of physicians may have actually used mobile diabetes
monitoring, the level of satisfaction is not a realistic measure.
Instead, we posit that physicians could perceive certain
value—perceived trade-off between improved patient care and
costs—toward the system. However, such value cannot be
perceived without a good understanding of overall quality. For
example, within the general diabetes treatment program, the
impact of mobile diabetes monitoring on patients cannot be
viewed as valuable unless physicians fully evaluate the overall
performance quality it delivers to the clinical practitioners. Thus,
our third hypothesis is that overall quality will directly and
positively affect perceived value (H3).
DeLone and McLean [10] suggest that net benefits must be
determined by the context and objectives of the IS investment
by asking the following questions: What qualifies as a “benefit”?
For whom? And at what level of analysis? In this regard, we
conceptualize net benefits as a composite effect of two variables:
ubiquitous control and health improvement. Ubiquitous control
is defined as flexible patient care without time and place
restriction. Ubiquity has been suggested to be the most important
utility of mobile device [16], and thus the heart of mobile
diabetes monitoring benefits. Health improvement in this context
encompasses the clinical advantages physicians could achieve
through the use of mobile diabetes monitoring, which have been
suggested by several trial experiments [3,6,17]. We therefore
expect that ubiquitous control will directly and positively affect
net benefits (H4a), and health improvement will directly and
positively affect net benefits (H4b).
Prior research measures net benefits as improvements in job
performance and finds that they significantly impact intention
to use knowledge-management systems [18,19]. Similar findings
have been reported in IS literature [12], thus leading us to
hypothesize that net benefits will directly and positively affect
intention to use mobile diabetes monitoring (H5).
If physicians indeed perceive important benefits derived from
mobile diabetes monitoring (ie, ubiquitous control and health
improvement), they may ultimately see an opportunity to create
value for their clinical practice. Prior research suggests that such
value creation would lead to a stronger intention to adopt IS
[20]. Thus, the net benefits will directly and positively affect
perceived value (H6), and perceived value will directly and
positively affect intention to use mobile diabetes monitoring
(H7).
Next, theory of planned behavior (TPB) states that behavioral
intentions are determined by three primary dimensions: attitude,
subjective norm, and perceived behavioral control. All three
factors are influenced by a set of cognitive beliefs about the
innovation and their respective importance. Of special interest
to the present study, subjective norm can be defined as a
“person’s perception that most people who are important to him
think he should or should not perform the behavior in question”
[21]. Prior research based on TPB finds that subjective norm
has the strongest effect on physicians’ behavioral intentions to
share knowledge [22,23]. This finding implies that peer
influence may play a central role in the adoption of mobile
diabetes monitoring, leading to the hypothesis that subjective
norms will directly and positively affect intention to use mobile
diabetes monitoring (H8).
Finally, a general concern for privacy and security risk in mobile
commerce may be applicable to the adoption of mobile diabetes
monitoring. In fact, both industry practitioners and scholars
have debated potential risks involved in electronic medical
records [24-26]. Thus, the treatment of personal data and data
security can be a negative driver of usage intention. Therefore,
we posit that privacy and security risk will directly and
negatively affect intention to use mobile diabetes monitoring
(H9).
Purpose
The purpose of our empirical survey is to validate the
explanatory power of our research model, which is a theoretical
extension of the updated DeLone and McLean IS Success
Model. A set of key attitudinal and perceptual factors of mobile
diabetes monitoring adoption are assessed from the physicians’
point of view.
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Figure 1. Updated DeLone and McLean Information System (IS) Success Model.
Figure 2. Theoretical model of mobile diabetes monitoring adoption among Japanese physicians showing various hypothesized (H) relationships. A
plus sign or minus sign signifies an increase or decrease, respectively, in the dependent variable evoked by an increase in the independent variable
(ceteris paribus).
Methods
Site of the Study
Japan served as the site for this study for several reasons. First,
it has one of the highest mobile broadband penetration rates: In
2011, there were 122 million 3G subscribers with 95%
penetration rate [27]. Second, Japan is the country with the
eighth-largest number of diabetes patients worldwide in 2010,
with approximately 7.3 million adults aged 20 to 79 years [28].
According to the World Health Organization (WHO), this
number is expected to reach 8.9 million by 2030 [29]. Thus, an
innovative treatment approach for diabetes would draw much
attention from physicians. Third, with aging of the Japanese
population, the health care costs associated with chronic diseases
are becoming a serious burden in Japan’s social security system.
To address this issue, there have been various strategic
initiatives, of which the first two were targeted toward diabetes
and depression [29]. Fourth, the direct health care costs of
diabetes are due to increased costs associated with hospital
admissions and outpatient visits, as well as the costs of
medications. Oishi and colleagues [30] performed a study in
2003, examining the time and costs in caring for patients with
newly identified type 2 diabetes and other lifestyle diseases in
Japan. The mean number of monthly doctor visits was similar
for newly diagnosed patients with diabetes and for patients with
hypertension and/or hyperlipidemia, but the total time of these
visits for patients with diabetes was greater [30]. Thus, the
adoption of mobile diabetes monitoring could significantly
reduce potential costs associated with keeping these patients’
diabetes under control. All these reasons ensure the ecological
validity of the study, and thus justify the use of Japan as the site
of the study.
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Definition of Mobile Diabetes Monitoring
This study defines mobile diabetes monitoring as a system of
self-monitoring blood glucose in diabetic patients by means of
3G-enabled mobile device. Typically, mobile diabetes
monitoring enables the following functions: (1) self-monitoring
of blood glucose, weight, physical activity, diet, insulin and
medication, and blood pressure; (2) disease-related data export
and physician-patient communication; and (3) synchronization
with personal health record systems at the hospital’s information
hub. This technical definition is consistent with prior research
[1], and leading Japanese medical informatics laboratories and
firms (eg, University of Tsukuba, Fujitsu) developed a similar
system [31,32].
Questionnaire
A questionnaire survey was conducted in Japan. At the
beginning of the questionnaire, we asked the medical specialty
of the respondent and their level of clinical experience (in years).
We then showed a graphical image of a mobile-based blood
glucose self-monitoring system developed by the University of
Tsukuba [32]. In addition, a detailed description of the system
purpose, functions, and usage procedures were provided. We
asked whether the respondents had used mobile diabetes
monitoring. If the answer was affirmative, we then asked them
to rate each item according to their usage experience; otherwise,
their assessments were based on the description provided in the
questionnaire. In the next section, we listed the questions related
to the model constructs explained in the previous section: system
quality, information quality, service quality, perceived health
improvement, privacy and security concerns, perceived value
for medical control, subjective norms, ubiquitous control, and
intention to use mobile diabetes monitoring. Construct measures
were adapted from previous research in information systems,
health care, and consumer behavior [14,16,33-43]. All constructs
were measured by multiple-item scales with a 7-point Likert
scale, except perceived value that was measured by a 7-point
semantic differential scale. At the end of the questionnaire, some
demographic questions, such as age, gender, and geographical
area (ie, prefecture), along with other relevant questions (eg,
usage experience and frequency of Internet and mobile device
use), were included. All constructs’measures used in the present
study are listed in Multimedia Appendix 1.
Participant Recruitment
The survey participants were recruited by a professional research
agency in Japan. The agency posted a recruitment notification
on its website. As a result, 590 physicians signed up to
participate in the survey. As an incentive, the respondents were
paid 5000 yen (approximately US $60) for their participation.
The survey website was created and the invitation was sent to
the participants. Although our sampling was not probabilistic
(ie, judgment sample), the respondents were drawn from 47
prefectures in Japan, and thus not clustered in certain regions
of Japan.
Analytical Approach
We applied partial least squares (PLS) path modeling as
implemented in SmartPLS 2.0 M3 [44] as means of statistical
analysis. PLS has found widespread use in technology adoption
and information systems literature [45], primarily because of
its suitability for exploratory studies in early stages of research
when the focus lies on saturated, prediction-oriented models.
We used the factor-weighting scheme as our inner weighting
scheme because of its robustness [46]. Two of our constructs,
overall quality and net benefits, were modeled as second-order
constructs by using the repeated-indicators approach [45]. We
applied bootstrapping with 5000 bootstrap samples to obtain
inference statistics.
We performed a PLS analysis with two nested samples. First,
we conducted the PLS analysis with the total sample. The reason
for this is that mobile-based monitoring systems can be applied
not only to diabetes, but also to epidemiology of other medical
fields. Thus, the inclusion of other medical experts increases
external validity of our proposed model. Moreover, the
reliability and validity of the measures were assessed with the
total sample, based on the criteria formulated by Ringle et al
[45]. The internal consistency reliability was estimated using
Cronbach alpha and Jöreskog’s rho. Convergent validity was
assessed by using the average variance extracted (AVE). We
relied on the Fornell-Larcker criterion [47] to assess discriminant
validity. Second, because diabetes is normally treated by
physicians of internal medicine and gastrointestinal medicine,
we limited the sample only to those respondents specialized in
these areas. Gastrointestinal symptoms are reportedly common
in diabetes [48]. This validation with the specialist subsample
should reflect more accurate perceptual, attitudinal, and
behavioral responses from the physicians specialized in this
specific disease category.
Results
Sample Characteristics
During August 2011, 505 physicians responded to the survey.
However, there were 34 responses with exaggerated extremity
preferences (all 1s or 7s). They were considered to be due to
extreme response bias, and were eliminated from the final
dataset. Therefore, the total usable sample size was 471, with
an effective response rate of 79.8%.
The respondents belonged to diverse specialties (Table 1),
including general medicine (20.6%), surgery (10.4%), and
gastrointestinal medicine (7.9%), among others. The average
clinical experience of the respondents was 19.3 years.
Approximately 87% and 13% of the respondents were male and
female, respectively, aged 25 to 65 years. A cross-tabulation of
sex and age group is shown in Table 2.
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Table 1. Medical specialties of all respondents (N=471) and those respondents in the subspecialties of general internal medicine and gastrointestinal
medicine (n=134) to a survey in Japan about mobile diabetes monitoring.
Specialist subsampleTotal sampleSpecialty
%n%n
72.49720.697General internal medicine
000.21Psychosomatic medicine
001.57Respiratory internal medicine
27.6377.937Gastrointestinal medicine
004.521Cardiovascular medicine
002.813Neurology
002.512Nephrology
000.84Hematology
005.928Psychiatry
0010.449Surgery
003.014Obstetrics and gynecology
004.019Ophthalmology
002.813Otorhinolaryngology
003.215Dermatology
001.99Urology
003.617Radiology
005.325Anesthesiology
0019.190Others
Table 2. Age and sex distribution of respondents to survey in Japan about mobile diabetes monitoring.
Total, n (%)
n=471
Sex, n (%)Age
Female
n=61
Male
n=410
20 (4.2)11 (18.0)9 (2.2)20-29 years
98 (20.8)24 (39.3)74 (18.0)30-39 years
192 (40.8)18 (29.5)174 (42.4)40-49 years
131 (27.8)6 (9.8)125 (30.5)50-59 years
30 (6.4)2 (3.3)28 (6.8)≥ 60 years
In terms of personal use, approximately 42% of the respondents
accessed the Internet with their mobile device on a daily basis;
9% did so more than 10 times a day. By contrast, 26.9% did
not access the Internet with mobile device. On average, the
respondents used the Internet with their mobile device for
approximately 7 years. In terms of professional use,
approximately 30% of the respondents used the Internet for
their patient care or other clinical practices. With regard to
mobile diabetes monitoring, only 0.8% of the respondents
actually used mobile diabetes monitoring previously. Although
25.9% were aware of its functions but did not use mobile
diabetes monitoring, 73.2% were not well informed.
Measurement Validation
All our constructs exhibit sufficient levels of internal consistency
reliability, exceeding the recommended threshold of .70 [49].
All AVE values were above the critical value of .50 [47], which
indicates that all constructs are unidimensional, thus implying
convergent validity. In Table 3, we report Cronbach alpha,
Jöreskog’s rho, and the AVE.
Table 4 shows the construct correlations as well as the square
root of the AVE as the basis for assessment of discriminant
validity. Comparing the square root of each construct’s AVE
with its largest absolute correlation shows that the
Fornell-Larcker criterion is met. Therefore, discriminant validity
can also be confirmed.
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Table 3. Quality indicators of the constructs, including Cronbach's alpha, Jöreskog’s rho, and average variance extracted (AVE).
AVEJöreskog’s rhoCronbach's alphaNumber of itemsConstruct
―――1Age
―――1Experience
―――1Gender
.77.93.904Health improvement
.73.97.9611Information quality
.87.95.923Intention to use mobile diabetes monitoring
.77.96.968Perceived value
.78.97.968Security/privacy concerns
.74.96.969Service quality
.89.96.943Subjective norms
.56.93.9110System quality
.78.96.946Ubiquitous control
Table 4. Construct correlations and square root of the AVE.
Construct correlationsaConstruct
121110987654321
―Age1
―.00Experience2
―.08–.30Gender3
.88–.04–.06.04Health improvement4
.85.80–.06–.02.00Information quality5
.93.70.64–.04–.03–.08Intention to use6
.87.72.81.72–.07–.07.01Perceived value7
.88.24.20.30.17.03–.07–.05Security/privacy concerns8
.86.04.62.49.66.70–.02.00.08Service quality9
.94.60.15.72.76.70.67–.10.00.06Subjective norms10
.75.64.74.13.71.57.75.69–.07.00.09System quality11
.88.69.77.60.27.77.72.78.71–.04–.05.08Ubiquitous control12
a Diagonal elements in italics are the square root of the construct’s AVE (all other elements are correlations between the constructs).
Model Validation with Total Sample
The results of the PLS analysis on the total sample are shown
in Figure 3. The model estimates largely confirm our conceptual
model. System quality, information quality, and service quality
all contribute significantly to the overall quality. Remarkably,
the indirect effect of overall quality on the intention to use
mobile diabetes monitoring is positive (indirect effect = 0.11)
and significant (P < .001). However, the total effect of overall
quality on the intention to use mobile diabetes monitoring is
not significant (total effect = 0.05, P = .21). As the indirect
effect of overall quality already suggests, both the effect of
overall quality on perceived value and the effect of perceived
value on the intention to use mobile diabetes monitoring are
significant. Ubiquitous control and health improvement
contribute significantly to the formation of net benefits. Net
benefits, in turn, have significant positive effects on the intention
to use mobile diabetes monitoring and perceived value. Also,
the indirect effect (indirect effect = 0.11, P < .001) and the total
effect (total effect = 0.38, P < .001) of net benefits on the
intention to use mobile diabetes monitoring are significant. As
anticipated, subjective norms have a significant positive effect
on the intention to use mobile diabetes monitoring. Finally,
privacy and security risk does not have a significant effect on
the intention to use mobile diabetes monitoring. The control
variables tested (age, experience, and gender of the respondents)
did not produce any effect with one exception: the negative
influence of the age of physicians on intention to use mobile
diabetes monitoring. The older respondents have a significantly
lower intention to use mobile diabetes monitoring than the
younger respondents, suggesting that the younger the physicians,
the more likely they will be to adopt and use mobile diabetes
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monitoring. This effect is likely because of the widely
documented adverse relationship between age and new
technology acceptance.
Model Validation with Specialist Subsample
Table 5 lists the results from the PLS analysis of the specialist
(internal and gastrointestinal medicine) subsample juxtaposed
with those from the total sample validation. As far as statistical
significance is concerned, no discrepancy was found between
the two results. Except for two paths (ie, overall quality →
intention to use mobile diabetes monitoring, and privacy and
security risk → intention to use mobile diabetes monitoring),
all hypothesized relationships were supported. Furthermore, the
magnitudes of standardized beta coefficients were also very
similar.
Hypotheses Testing
Hypotheses testing results are summarized in the far right
column of Table 5. Based on the results from both the total
sample and the specialist subsample, we could confirm that all
but two hypotheses are supported by our data. More specifically,
system quality, information quality, and service quality
significantly affect overall quality, providing support for
hypotheses 1, 2, and 3. Our results also indicate that overall
quality determines the extent to which physicians perceive the
value of mobile health monitoring. However, in contrast to our
initial predictions, overall quality does not have a significant
direct effect on the intention to use mobile diabetes monitoring.
Thus, hypothesis 2 does not gain support but hypothesis 3 does.
With regard to net benefits, both ubiquitous control and health
improvement are significant predictors, which ring true for
hypotheses 4a and 4b. Net benefits in turn significantly motivate
physicians to use mobile health monitoring, while exercise
strong influence on perceived value. Thus, both hypotheses 5
and 6 are supported. Perceived value is found to be a strong
predictor of intention to use, which provides support for
hypothesis 7. In the same token, as predicted in hypothesis 8,
subjective norms significantly affect intention to use. Finally,
concerns over privacy and security risk have no significant
effects on intention to use mobile diabetes monitoring. Thus,
hypothesis 9 is not supported.
Figure 3. Partial least squares (PLS) analysis results of the theoretical model of mobile diabetes monitoring adoption among Japanese physicians. The
numbers indicate standardized beta coefficients.
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Table 5. Summary of partial least squares (PLS) estimation from the total sample and the specialist (internal and gastrointestinal medicine) subsample.
Hypothesis testing
results
Specialist subsample
(n=134)
Total sample
(n=471)
PathaHypotheses
PBeta coef-
ficients
PBeta coef-
ficients
Supported< .001.30< .001.28System quality → overall quality (+)Hypothesis 1a
Supported< .001.46< .001.48Information quality → overall quality (+)Hypothesis 1b
Supported< .001.33< .001.36Service quality → overall quality (+)Hypothesis 1c
Unsupported.44−.07.15−.07Overall quality → intention to use (+)Hypothesis 2
Supported< .001.47< .001.44Overall quality → perceived value (+)Hypothesis 3
Supported< .001.65< .001.67Ubiquitous control → net benefits (+)Hypothesis 4a
Supported< .001.40< .001.41Health improvement → net benefits (+)Hypothesis 4b
Supported< .05.20< .001.27Net benefits → intention to use (+)Hypothesis 5
Supported< .001.41< .001.43Net benefits → perceived value (+)Hypothesis 6
Supported.01.28< .001.26Perceived value → intention to use (+)Hypothesis 7
Supported< .001.54< .001.41Subjective norms → intention to use (+)Hypothesis 8
Unsupported.09.09.22.02Privacy and security risk → intention to use (−)Hypothesis 9
n.a.b.06−.09< .001−.12Age → intention to useControl variable
n.a.b.36.04.48.00Experience → intention to useControl variable
n.a.b.89.01.33−.01Gender → intention to useControl variable
a The plus (+) or minus (–) sign in parentheses denotes whether a positive or negative effect is anticipated.
b n.a. = not applicable.
Discussion
Principal Results
Our proposed model was successfully validated by the total
sample and also by the specialist subsample. The statistical
significance and the strength of standardized coefficients were
almost identical for all the hypothesized paths. Therefore, for
the sake of simplification, our principal results are described
based on the total sample validation.
In terms of direct effects, physicians’ intention to use mobile
diabetes monitoring is primarily influenced by net benefits,
perceived value, and subjective norms. Our PLS results indicate
that the multivariate coefficient of determination (R2) value of
intention to use mobile diabetes monitoring was 0.67 (R2 = 0.82
for the specialist subsample), indicating that more than
two-thirds of the variance of this construct can be explained by
the model. This value can be described as “substantial”
according to Chin [50].
Net benefits not only have a direct effect on intention, but also
an indirect effect through perceived value. We thus find
evidence for a partial mediation. The hypothesized direct effect
of overall quality on intention cannot be confirmed, but we find
a significant positive indirect effect. More specifically, although
neither the direct effect nor the total effect of overall quality on
the intention to use mobile diabetes monitoring is significant,
the indirect effect of overall quality on the intention to use
mobile diabetes monitoring is significant. Given the correlation
between overall quality and intention to use mobile diabetes
monitoring (total R2 = 0.67; specialist subsample R2 = 0.70),
the influence of overall quality on usage intention appears to
be fully mediated by perceived value. This means that overall
quality contributes to forming the intention to use mobile
diabetes monitoring only if an increase in overall quality is
perceived as value added.
Privacy and security concerns seem to be negligible in terms
of their impact on the intention to use mobile diabetes
monitoring. This is surprising given that there is much
documented evidence about such concerns in wireless medical
devices [51]. One possible explanation is that perhaps the
respondents of this study might have been more experienced in
the use of innovative medical devices. Prior research indicates
that frequent and experienced users of electronic health records
were significantly less concerned about privacy and security
than nonusers [52]. On the other hand, there seems to exist
evidence that, compared with general business practitioners,
many physicians are not particularly technology literate, despite
their highly demanding educational and specialized training [7].
This lack of computer literacy may have made them fail to
acknowledge the severity of privacy and security concerns in
mobile diabetes monitoring. We deem the latter to be a more
reasonable and realistic explanation.
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Limitations
The sample size of physicians specialized in internal medicine
or related specialties was modest. Future studies should ensure
a larger sample to increase the generalizability of the findings.
Similarly, although the sample consisted of physicians all across
Japan (ie, 47 prefectures), the selection was not probabilistic;
thus, it may not accurately reflect the entire Japanese medical
community. Third, we did not examine how physicians’personal
propensity to use new information and communication
technology affects the model variables, which was far beyond
the scope of our study. Because of the preceding reasons, this
study should be considered as an initial stepping-stone and any
generalization of the results should be done with caution.
Conclusions and Practical Implications
Physicians from a wide range of clinical expertise most valued
perceived value as a mediator of the effects exercised by both
overall quality and net benefits over intention to use mobile
diabetes monitoring. This fact seems even more significant
given the absence of direct effect of overall quality on intention
to use mobile diabetes monitoring because physicians apparently
seem to weigh exactly what kind of value they can get out of
the system. In health care, value is defined as the patient health
outcomes achieved relative to the inputs (or cost) required [53].
Because net benefits already take into account health outcome
(ie, health improvement) and device utility (ie, ubiquitous
control), our perceived value seems to crystallize the importance
of the output-input relationship derived from the mobile diabetes
monitoring. Prior research suggests that the power of quality
improvement to drive down costs is greater in health care than
in any other field [53]. Thus, our results may suggest that
physicians tend to look into the efficiency and cost-effectiveness
of mobile diabetes monitoring before forming their usage
intention. This implies that the medical device industry should
be increasingly keen on these aspects in marketing wireless
medical monitoring systems.
The impact of subjective norms on intention to use mobile
diabetes monitoring was solid, but this finding seems somewhat
contradictory to the literature. Prior research on telemedicine
finds no impact of subjective norms on intention, suggesting
that physicians may value their own assessments over others’
opinions and suggestions [7]. Similarly, the effects of subjective
norms on intention to use clinical guidelines were reported to
be much weaker among physicians than among nurses and other
clinical professionals [54]. Our interpretation is that because
many physicians are not particularly computer- or
Internet-literate, they may rely more on their peers’ or
colleagues’ help and suggestions regarding mobile diabetes
monitoring adoption (ie, medical and IS adoption decisions),
whereas they tend to be more independent or self-reliant for
other knowledge-based practices (ie, purely medical decisions).
Given the solid effects of subjective norms on intention to use
mobile diabetes monitoring, it would be wise to organize
workshops, seminars, or informative sessions so that knowledge
and familiarity could be disseminated through word-of-mouth
among peers and colleagues.
Finally, this study would help physicians understand the
usefulness of mobile-based health care systems. Diabetes is a
leading disease in most developed countries and requires
constant and continuous monitoring. For example, according
to the US Department of Health and Human Services, diabetes
mellitus was listed as the seventh leading cause of death in 2010
[55]. Mobile technology could encourage diabetic patients to
lead healthier lives and facilitate earlier discovery of
life-threatening symptoms.
 
Acknowledgments
This research was supported by a grant from the Spanish Ministry of Science and Innovation (National Plan for Research,
Development and Innovation ECO2011-30105).
Conflicts of Interest
None declared.
Multimedia Appendix 1
Construct measures used in the study.
[PDF File (Adobe PDF File), 49KB - jmir_v14i6e183_app1.pdf ]
References
1. Chomutare T, Fernandez-Luque L, Arsand E, Hartvigsen G. Features of mobile diabetes applications: review of the literature
and analysis of current applications compared against evidence-based guidelines. J Med Internet Res 2011;13(3):e65 [FREE
Full text] [doi: 10.2196/jmir.1874] [Medline: 21979293]
2. Malasanos T. ANALYSIS: mobile phones integrated into diabetes management: a logical progression. J Diabetes Sci
Technol 2008 Jan;2(1):154-155 [FREE Full text] [Medline: 19885192]
3. Martínez-Sarriegui I, García-Sáez G, Rigla M, Brugués E, de Leiva A, Gómez EJ, et al. How continuous monitoring changes
the interaction of patients with a mobile telemedicine system. J Diabetes Sci Technol 2011 Jan;5(1):5-12 [FREE Full text]
[Medline: 21303619]
J Med Internet Res 2012 | vol. 14 | iss. 6 | e183 | p.10http://www.jmir.org/2012/6/e183/
(page number not for citation purposes)
Okazaki et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
4. Kollmann A, Riedl M, Kastner P, Schreier G, Ludvik B. Feasibility of a mobile phone-based data service for functional
insulin treatment of type 1 diabetes mellitus patients. J Med Internet Res 2007;9(5):e36 [FREE Full text] [doi:
10.2196/jmir.9.5.e36] [Medline: 18166525]
5. Shahriyar R, Bari F, Kundu G, Ahamed SI, Akbar M. Intelligent Mobile Health Monitoring System (IMHMS). International
Journal of Control and Automation 2009;2(3):13-27 [FREE Full text] [WebCite Cache]
6. García-Sáez G, Hernando ME, Martínez-Sarriegui I, Rigla M, Torralba V, Brugués E, et al. Architecture of a wireless
Personal Assistant for telemedical diabetes care. Int J Med Inform 2009 Jun;78(6):391-403. [doi:
10.1016/j.ijmedinf.2008.12.003] [Medline: 19162538]
7. Chau P, Hu P. Investigating healthcare professionals' decisions to accept telemedicine technology: an empirical test of
competing theories. Information & Management 2002;39(4):297-311. [doi: 10.1016/S0378-7206(01)00098-2]
8. Chatterji AK, Fabrizio KR, Mitchell W, Schulman KA. Physician-industry cooperation in the medical device industry.
Health Aff (Millwood) 2008;27(6):1532-1543. [doi: 10.1377/hlthaff.27.6.1532] [Medline: 18997209]
9. DeLone WH, McLean ER. Information systems success: the quest for the dependent variable. Information Systems Research
1992;3(1):60-95. [doi: 10.1287/isre.3.1.60]
10. DeLone WH, McLean ER. The DeLone and McLean model of information systems success: a ten-year update. Journal of
Management Information Systems 2003;19(4):9-30.
11. Heo J, Han I. Performance measure of information systems (IS) in evolving computing environments: an empirical
investigation. Information & Management 2003;40(4):243-256. [doi: 10.1016/S0378-7206(02)00007-1]
12. Petter S, DeLone W, McLean E. Measuring information systems success: models, dimensions, measures, and
interrelationships. European Journal of Information Systems 2008;17(3):236-263. [doi: 10.1057/ejis.2008.15]
13. Jarvis CB, Mackenzie SB, Podsakoff PM. A critical review of construct indicators and measurement model misspecification
in marketing and consumer research. Journal of Consumer Research 2003;30(2):199-218. [doi: 10.1086/376806]
14. Parasuraman A, Zeithaml VA, Malhotra A. E-S-QUAL: a multiple-item scale for assessing electronic service quality.
Journal of Service Research 2005;7(10):1-21.
15. iHealthBeat. Chronic Disease Care. 2012 Jan 06. Reports foresee growth in use of remote health monitoring technology
URL: http://www.ihealthbeat.org/articles/2012/1/6/reports-foresee-growth-in-use-of-remote-health-monitoring-technology.
aspx [accessed 2012-08-15] [WebCite Cache ID 69wme9b6O]
16. Okazaki S, Li H, Hirose M. Consumer privacy concerns and preference for degree of regulatory control: a study of mobile
advertising in Japan. Journal of Advertising 2009;38(4):63-77.
17. Pena V, Watson AJ, Kvedar JC, Grant RW. Mobile phone technology for children with type 1 and type 2 diabetes: a parent
survey. J Diabetes Sci Technol 2009 Nov;3(6):1481-1489 [FREE Full text] [Medline: 20144404]
18. Halawi LA, McCarthy RV, Aronson JE. An empirical investigation of knowledge-management system's success. The
Journal of Computer Information Systems 2007;48(2):121-135.
19. Wu JH, Wang YM. Measuring KMS success: a respecification of the DeLone and McLean's model. Information &
Management 2006;43(6):728-739. [doi: 10.1016/j.im.2006.05.002]
20. Vlahos GE, Ferratt TW. Information technology use by managers in Greece to support decision making: amount, perceived
value, and satisfaction. Information & Management 1995;29(6):305-315. [doi: 10.1016/0378-7206(95)00037-1]
21. Fishbein M, Ajzen I. Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research. Reading, MA:
Addison-Wesley Pub Co; 1975.
22. Ajzen I. Theory of Planned Behavior. Organizational Behavior and Human Decision Processes 1991;50(2):179-211. [doi:
10.1016/0749-5978(91)90020-T]
23. Ryua S, Hob SH, Han I. Knowledge sharing behavior of physicians in hospitals. Expert Systems with Applications
2003;25:113-122. [doi: 10.1016/S0957-4174(03)00011-3]
24. Tjora A, Tran T, Faxvaag A. Privacy vs usability: a qualitative exploration of patients' experiences with secure Internet
communication with their general practitioner. J Med Internet Res 2005;7(2):e15 [FREE Full text] [doi: 10.2196/jmir.7.2.e15]
[Medline: 15998606]
25. Steinbrook R. Personally controlled online health data--the next big thing in medical care? N Engl J Med 2008 Apr
17;358(16):1653-1656. [doi: 10.1056/NEJMp0801736] [Medline: 18420496]
26. Sack K. The New York Times. 2011 Sep 08. Patient data posted online in major breach of privacy URL: http://www.
nytimes.com/2011/09/09/us/09breach.html?pagewanted=all [accessed 2012-12-04] [WebCite Cache ID 6CfVEEU6g]
27. Meeker M, Wu L. Kleiner Perkins Caufield Byers (KPCB). 2012 May. 2012 Internet trends URL: http://www.kpcb.com/
insights/2012-internet-trends [accessed 2012-08-15] [WebCite Cache ID 69wtOPYnE]
28. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 2030. Diabetes Res Clin
Pract 2010 Jan;87(1):4-14. [doi: 10.1016/j.diabres.2009.10.007] [Medline: 19896746]
29. Neville SE, Boye KS, Montgomery WS, Iwamoto K, Okamura M, Hayes RP. Diabetes in Japan: a review of disease burden
and approaches to treatment. Diabetes Metab Res Rev 2009 Nov;25(8):705-716. [doi: 10.1002/dmrr.1012] [Medline:
19795421]
J Med Internet Res 2012 | vol. 14 | iss. 6 | e183 | p.11http://www.jmir.org/2012/6/e183/
(page number not for citation purposes)
Okazaki et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
30. Oishi M, Yokoyama H, Abe N, Iwasaki K, Okuguchi F, Kawai K, et al. Time and cost involved in the care of newly
registered patients with diabetes mellitus and other lifestyle diseases at diabetes clinics in Japan (JDDM 4). Diabet Med
2007 Oct;24(10):1149-1155. [doi: 10.1111/j.1464-5491.2007.02251.x] [Medline: 17888135]
31. Arkray Inc, Fujitsu. Fujitsu. 2011 May 16. Press release: Fujitsu and Arkray offer support services to diabetics via mobile
phones URL: http://www.fujitsu.com/global/news/pr/archives/month/2011/20110516-01.html [accessed 2012-08-15]
[WebCite Cache ID 69wmscwfa]
32. Kawarasaki M, Asano T, Ohara M, Kawai K, Igarashi T. Development and validation of a cell-phone based interactive
self-care support system for lifestyle diseases. Japan Journal of Medical Informatics 2010;29(5):201-210.
33. Chen CW. Impact of quality antecedents on taxpayer satisfaction with online tax-filing systems-an empirical study.
Information & Management 2010;47(5/6):308-315. [doi: 10.1016/j.im.2010.06.005]
34. Gorla N, Somers TM, Wong B. Organizational impact of system quality, information quality, and service quality. The
Journal of Strategic Information Systems 2010;19(3):207-228. [doi: 10.1016/j.jsis.2010.05.001]
35. Hong Y, Thong J, Wong WM, Tam KM. Determinants of user acceptance of digital libraries: an empirical examination of
individual differencessystem characteristics. Journal of Management Information Systems 2001;18(3):97-124.
36. Kelley H, Chiasson M, Downey A, Pacaud D. The clinical impact of eHealth on the self-management of diabetes: a double
adoption perspective. Journal of the Association for Information Systems 2011;12(3):208-234.
37. Kleijnen M, de Ruyter K, Wetzels M. An assessment of value creation in mobile service delivery and the moderating role
of time consciousness. Journal of Retailing 2007;83(1):33-46. [doi: 10.1016/j.jretai.2006.10.004]
38. Landon BE, Hicks LS, O'Malley AJ, Lieu TA, Keegan T, McNeil BJ, et al. Improving the management of chronic disease
at community health centers. N Engl J Med 2007 Mar 1;356(9):921-934. [doi: 10.1056/NEJMsa062860] [Medline: 17329699]
39. Lee YW, Strong DM, Kahn BK, Wang RY. AIMQ: a methodology for information quality assessment. Information &
Management 2002;40(2):133-144. [doi: 10.1016/S0378-7206(02)00043-5]
40. Lwin MO, Wirtz J, Williams JD. Consumer online privacy concerns and responses: a power-responsibility equilibrium
perspective. Journal of the Academy of Marketing Science 2007;35(4):572-585.
41. Tan FB, Chou J. The relationship between mobile service quality, perceived technology compatibility, and users' perceived
playfulness in the context of mobile information and entertainment services. International Journal of Human-Computer
Interaction 2008;24(7):649-671. [doi: 10.1080/10447310802335581]
42. Taylor S, Todd PA. Understanding information technology usage: a test of competing models. Information Systems Research
1995;6(2):144-176.
43. Wu R, Rossos P, Quan S, Reeves S, Lo V, Wong B, et al. An evaluation of the use of smartphones to communicate between
clinicians: a mixed-methods study. J Med Internet Res 2011;13(3):e59 [FREE Full text] [doi: 10.2196/jmir.1655] [Medline:
21875849]
44. Ringle C, Wende S, Will A. SmartPLS. 2005. SmartPLS 2.0 (Beta) URL: http:www.smartpls.de [accessed 2012-12-04]
[WebCite Cache ID 6CfTSKZ6d]
45. Ringle CM, Sarstedt M, Straub DW. A critical look at the use of PLS-SEM in MIS Quarterly. MIS Quarterly
2012;36(1):iii-xiv.
46. Henseler J. On the convergence of the partial least squares path modeling algorithm. Computational Statistics
2010;25(1):107-120. [doi: 10.1007/s00180-009-0164-x]
47. Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measurement error. Journal
of Marketing Research 1981;18(1):39-50. [doi: 10.2307/3151312]
48. Bytzer P, Talley NJ, Leemon M, Young LJ, Jones MP, Horowitz M. Prevalence of gastrointestinal symptoms associated
with diabetes mellitus: a population-based survey of 15,000 adults. Arch Intern Med 2001 Sep 10;161(16):1989-1996.
[Medline: 11525701]
49. Nunnally JC. Psychometric Theory. New York: McGraw-Hill; 1967.
50. Chin WW. The partial least squares approach to structural equation modeling. In: Marcoulides GA, editor. Modern Methods
for Business Research. Mahwah, NJ: Lawrence Erlbaum Associates; 1998:295-358.
51. Feder BJ. The New York Times. 2008 Mar 12. A heart device is found vulnerable to hacker attacks URL: http://www.
nytimes.com/2008/03/12/business/12heart-web.html?_r=0 [accessed 2012-12-04] [WebCite Cache ID 6CfUue73K]
52. Wright A, Soran C, Jenter CA, Volk LA, Bates DW, Simon SR. Physician attitudes toward health information exchange:
results of a statewide survey. J Am Med Inform Assoc 2010;17(1):66-70 [FREE Full text] [doi: 10.1197/jamia.M3241]
[Medline: 20064804]
53. Porter ME. What is value in health care? N Engl J Med 2010 Dec 23;363(26):2477-2481. [doi: 10.1056/NEJMp1011024]
[Medline: 21142528]
54. Kortteisto T, Kaila M, Komulainen J, Mäntyranta T, Rissanen P. Healthcare professionals' intentions to use clinical guidelines:
a survey using the theory of planned behaviour. Implement Sci 2010;5:51 [FREE Full text] [doi: 10.1186/1748-5908-5-51]
[Medline: 20587021]
55. Murphy SL, Xu J, Kochanek KD. Deaths: preliminary Data for 2010. Natl Vital Stat Rep 2012 Jan 11;60(4):1-51.
J Med Internet Res 2012 | vol. 14 | iss. 6 | e183 | p.12http://www.jmir.org/2012/6/e183/
(page number not for citation purposes)
Okazaki et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
Abbreviations
AVE: average variance extracted
IS: information system
IT: information technology
MDM: mobile diabetes monitoring
PDA: personal digital assistant
PLS: partial least squares
TPB: theory of planned behavior
Edited by G Eysenbach; submitted 07.05.12; peer-reviewed by C Taylor, J Cafazzo; comments to author 19.06.12; revised version
received 16.08.12; accepted 24.09.12; published 21.12.12
Please cite as:
Okazaki S, Castañeda JA, Sanz S, Henseler J
Factors Affecting Mobile Diabetes Monitoring Adoption Among Physicians: Questionnaire Study and Path Model
J Med Internet Res 2012;14(6):e183
URL: http://www.jmir.org/2012/6/e183/ 
doi:10.2196/jmir.2159
PMID:
©Shintaro Okazaki, José Alberto Castañeda, Silvia Sanz, Jörg Henseler. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 21.12.2012. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license
information must be included.
J Med Internet Res 2012 | vol. 14 | iss. 6 | e183 | p.13http://www.jmir.org/2012/6/e183/
(page number not for citation purposes)
Okazaki et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
